The prognostic significance of squamous cell carcinoma antigen (SCC-Ag) and C-reactive protein (CRP) levels and lymph node density (LND) has been individually recognized in oral squamous cell carcinoma (OSCC). We investigated the relationship between preoperative serum markers (SCC-Ag and CRP) and postoperative prognostic marker (LND) in this study. We retrospectively analyzed 277 OSCC patients who underwent primary curative resection and neck dissection with/or without adjuvant therapy between March 2008 and November 2013. Serum SCC-Ag and CRP levels were measured preoperatively. Distant metastasis, overall survival (OS), and diseasefree survival (DFS) were used to evaluate the prognostic significance of preoperative SCC-Ag and CRP levels in relation to LND. LND (cutoff point !0.06) correlated with the pathologic tumor status, pathologic nodal metastasis, degree of differentiation, tumor stage, tumor depth (!10 mm vs <10 mm), and perineural invasion (all P values were <0.001). LND was significantly associated with development of distant metastasis, DFS, and OS (all P values were <0.001). Preoperative elevated CRP and SCC-Ag levels were significantly associated with LND (P ¼ 0.006), DFS (P < 0.001), and OS (P < 0.001). LND þ patients were further stratified into prognostic groups according to their SCC-Ag and CRP levels (DFS: P ¼ 0.010; OS: P ¼ 0.003). LND correlated with the incidence of DM, DFS, and OS in patients with OSCC. Concurrent elevated preoperative SCC-Ag and CRP levels are predictors for LND. In addition, SCC-Ag and CRP are markers for classifying high-risk LND þ patients with OSCC into subgroups.
INTRODUCTION
L ymph nodes metastasis, one of the most critical indicator in head and neck squamous cell carcinoma (SCC), affects patient survival. 1, 2 Lymph node density (LND) has gained increasing attention in the last few years in evaluating the extent of nodal diseases in several human malignancies, including head and neck cancers. [3] [4] [5] [6] [7] LND, or lymph node ratio, is defined as the ratio of positive lymph nodes to the total number of excised lymph nodes. [8] [9] [10] Several studies have focused on the clinical relevance of LND in evaluating disease prognosis and its relationship with adverse outcomes in patients with oral and oropharyngeal SCC. [11] [12] [13] Furthermore, LND has a higher prognostic accuracy compared with tumor node metastasis (TNM) staging in nodal positive patients. 14 In a multicenter international study, Patel et al 15 reported that LND was superior to the conventional nodal staging system used by the American Joint Committee on Cancer (AJCC) in predicting oral squamous cell carcinoma (OSCC) outcomes because LND appeared to be a more precise predictor compared with the absolute number of metastatic lymph nodes; it considers not only the burden of nodal disease and tumor spread but also the extent of nodal dissection and surgical staging, thus alleviating certain limitations of technical performance and nodal sampling error.
Squamous cell carcinoma antigen (SCC-Ag) and C-reactive protein (CRP) have gained increasing attention in cancer research. Several OSCC-based studies have linked SCC-Ag with tumor aggressiveness, recurrence, and poor survival. [16] [17] [18] Similarly, studies have associated CRP, a sensitive marker of inflammation and tissue damage, with cancer aggression and patient survival. 19, 20 In our previous study, concurrent elevated SCC-Ag and CRP levels exhibited significant potential as a biomarker for risk stratification in OSCC and as a predictor for lymph node metastasis, advanced tumor stage, and tumor recurrence. 21 Although SCC-Ag, CRP, and LND may be correlated, their relationship remains unclear. Our primary aim is to identify any significant correlation between preoperative serum makers and postoperative pathological markers. Furthermore, we explore the possibility of risk stratification of LND by using preoperative serum SCC-Ag and CRP levels.
MATERIALS AND METHODS

Patients with OSCC
We identified 277 consecutive patients with primary OSCC between March 2008 and November 2013 from the Chang Gung Memorial Hospital. All patients received radical surgery with curative intent as the primary modality of therapy. Patients with verrucous carcinoma or distant metastasis, patients who received preoperative chemoradiotherapy, patients with incomplete data, and patients lost to follow-up were excluded. All patients were followed from the time of cancer diagnosis until death or May 2015. The chart review comprised preoperative physical examination, complete blood count, chest radiographs, routine blood biochemistry, liver ultrasound, computed tomography or magnetic resonance imaging of the head and neck, and whole-body bone scan or positron emission tomography. Patient characteristics; tumor characteristics, such as tumor status, nodal status, histopathological features, overall stage, and oral site involved; and preoperative SCC-Ag and CRP levels were collected. The study was approved by the Institutional Review Board of Chang Gung Memorial Hospital, Linkou. All the patient records/information were anonymized and deidentified before analysis.
Treatment of OSCC
Patients were staged according to the TNM staging system proposed by the AJCC (2002 edition). 22 All patients had undergone radical excision of the tumor with clinical stagebased neck dissection after preoperative tumor survey. For clinically nodal negative and positive patients, ipsilateral supraomohyoid neck dissection, and ipsilateral modified radical neck dissection, respectively, were performed. If a lesion invaded deeply and crossed the midline, as observed in tongue cancer, bilateral neck dissection was performed. Primary tumors were excised with !1-cm safety margins (both peripheral and deep margins). Pathologic parameters, such as tumor cell differentiation, depth of tumor invasion, perineural invasion, lymphovascular invasion, skin or bone invasion, and lymph node extracapsular spread (ECS), were recorded. Patients with poor tumor differentiation, advanced tumor stage (T3 or T4), lymph node ECS, or !10-mm tumor depth received radiotherapy or concomitant chemoradiotherapy 4 to 8 weeks after the surgery. 21 
Measurement of CRP
To minimize intraindividual differences, preoperative serum CRP levels were evaluated at the time of tissue diagnosis before any medical intervention or antibiotic treatment was administered. Serum CRP levels were detected using an autoanalyzer (Hitachi 7600-210, Hitachi Medico, Tokyo, Japan). The cutoff point for serum CRP level was 5.0 mg/L, the internationally adopted cutoff point for inflammation. 19 
Measurement of SCC-Ag Levels
Serum SCC-Ag levels were measured at the time of tissue diagnosis using a commercially available chemiluminescent microparticle immunoassay (Abbott Japan Co, Ltd, Tokyo, Japan). The reference cutoff point for the serum SCC-Ag levels was 2.0 ng/mL, as established previously. 16, 23 Calculation of LND LND was calculated as the ratio of the number of positive lymph nodes to the total number of excised lymph nodes. The cutoff point for the 2 groups was 0.06, as has been consistently used in several studies. 8, 12 Patients were divided into 3 groups: reference group, no lymph node metastasis; group A, LND < 0.06; and group B, LND ! 0.06.
Statistical Analysis
We performed univariate analysis (UVA) using the x 2 test. UVA of survival differences was performed using the log-rank test. Multivariate analysis (MVA) of survival was performed using the Cox proportional hazard model for determining the prognostic value. Two-sided P < 0.05 was considered significant. The Statistical Package Software for the Social Sciences version 13.0 (SPSS, Inc, Chicago, IL) was used for the statistical analyses.
RESULTS
We identified 277 patients with OSCC, of whom 253 (91%) were men and 24 (8.7%) were women. The mean age at diagnosis was 51.9 years (range 27-84 years). The tongue was the most common primary site for OSCC (114 patients, 41.2%), followed by the buccal mucosa (106 patients, 38.3%). Supplementary Table 2 , http://links.lww.com/MD/A841, lists the significant associations of preoperative CRP, SCC-Ag levels, and the clinicopathological parameters. Concurrent elevated CRP and SCC-Ag serum levels correlated with the T status (P < 0.001), N stage (P < 0.001), lymph node metastasis with ECS (P ¼ 0.003), tumor stage (P < 0.001), skin invasion (P < 0.001), bone invasion (P < 0.001), tumor depth !10 mm (P < 0.001), and perineural invasion (P ¼ 0.056), whereas they did not correlate with the degree of tumor differentiation. Elevated CRP and SCC-Ag levels adversely influence disease-free survival (DFS) (Supplementary Figure  1A Table 1 lists the associations between postoperative LND (cutoff point, 0.06) and clinicopathological parameters. LND was significantly correlated with pathological tumor status, nodal status, degree of differentiation, tumor stage, tumor depth, and perineural invasion (P < 0.001 for each parameter). In addition, LND was correlated with lymph node metastasis with ECS (P < 0.001), whereas no correlation was observed between LND and skin or bone invasion. Table 2 clarifies a significant correlation among LND and preoperative CRP (!5.0 mg/L) and SCC-Ag (!2.0 ng/mL) levels (P ¼ 0.006).
The common prognostic covariates were age of disease onset, sex, nodal status with ECS, degree of differentiation, T status, LND, sole preoperative serum CRP and SCC-Ag levels, tumor depth, and combined preoperative serum CRP-SCC-Ag levels, all of which were collected to investigate their prognostic significance for 5-year DFS and OS through UVA (Table 3) and MVA (Table 4) . UVA revealed that neither age nor sex was a significant predictor for survival outcome, whereas 5 histopathological parameters were significantly correlated with 5-year DFS and OS, tumor status (P < 0.001, for both), nodal status metastasis with ECS (P < 0.001, for both), degree of differentiation (P < 0.001, P ¼ 0.003, respectively), tumor depth (P ¼ 0.005, P ¼ 0.001, respectively), and LND (P < 0.001, for both; Figure 1 A and B) . In addition, preoperative serum CRP and SCC-Ag levels were significant predictors for survival, either combined (P < 0.001 for 5-year DFS and OS for both) or separately (P ¼ 0.001 for 5-year DFS and OS for CRP and P ¼ 0.001 and 0.003 for 5-year DFS and OS, respectively, for SCC-Ag; Supplementary Figures 1A and 1B, http:// links.lww.com/MD/A841). A significant association was observed between LND and the distant metastatic rate ( Figure 1C , P < 0.001).
Moreover, we explored the role of SCC-Ag and CRP in the LND þ group, which has previously exhibited a high risk of recurrence. Elevated SCC-Ag and CRP levels were associated with DFS (Supplementary Figure 2A 
DISCUSSION
SCC-Ag is a tumor-associated protein whose expression represents a visage of clinical aggressiveness and invasion. SCC-Ag was used as a biomarker for early diagnosis, disease progression, and recurrence detection or treatment response in several human SCC, including head and neck cancers. 17, [24] [25] [26] [27] The biological function of SCC-Ag remains unclear. SCC-Ag either affects the cell cycle by inhibiting apoptosis and promoting cancer cell survival or by increasing cell migration in response to stimulation by the epidermal growth factor. 28 Another contributing mechanism is the promotion of oncogenic transformation and induction of the NF-kB protein complex and interlukine-6 (IL-6) signaling, which in turns promotes protumorigenic inflammation and oncogenic transformation. 29 The CRP is another potentially significant serum marker. CRP measurement is simple and easily accessible; furthermore, it is helpful in cancer care. 20 As reported in several human malignancies, the CRP has repeatedly been linked to aggressive tumor behavior and dismal survival in head and neck cancers, such as oral, pharyngolaryngeal, and nasopharyngeal SCC. 19,30 -32 However, the exact mechanism through which the CRP is involved in tumorigenesis remains unclear. CRP has been reported as a stimulatory initiator of excessive cell proliferation and subsequent DNA damage through the promotion of chronic inflammation. 33 Other noteworthy evidence is the response of CRP to proinflammatory cytokines, such as IL-6, IL-8, and tumor necrosis factor in the tumor microenvironment, reflecting in part the subsequent host response and tumor cell lysis. [33] [34] [35] The host response theory is supported by the clinical application of CRP in monitoring the treatment response in cancer patients. 34 We previously demonstrated the clinical relevance of using both markers concomitantly in risk stratification and prediction of local recurrence in patients with oral and pharyngolaryngeal carcinoma. 21, 30, 36 According to the current results, a combination of serum markers was significant for 5-year DFS and OS according to UVA when evaluated in combination or separately. Furthermore, preoperative elevated marker levels were significantly related to pathological nodal status with ECS and positively correlated with LND, with a cutoff point of 0.06 (P ¼ 0.006).
LND is a critical predictor for outcomes in oral, pharyngeal, hypopharyngeal, and laryngeal SCC. 6, 7, 13, 37 A low LND strongly correlates with improved prognosis and reduction in the regional failure of the treatment. 7 Furthermore, owing to its simultaneous consideration of the extent of neck involvement (number of positive lymph nodes), nodal yield (total number of lymph nodes excised during dissection), and staging, LND was proven to exhibit a more significant prognostic value than does the current TNM staging system. 8, 11, 15 The current TNM staging system uses minimal detailed data regarding lymph node metastasis, namely, the number, size, and laterality of the positive lymph nodes. 38 Several LND cutoff points have been proposed for predicting the survival and outcome of head and neck cancers. 8, 11, 12, 14, 15, 39 In most studies, 0.06 was the cutoff point. Liao et al 11 used 0.16 for stage I-III neck dissection and 0.048 for stage I-V neck dissection as the cutoff points. This interstudy variation in the cutoff points is partly because of the nodal yield during neck dissection in different hospital settings. In addition, nodal yield is a valuable factor in patients with OSCC for discussing LND. 40, 41 Nodal yield <18 has been associated with reduced OS, disease-specific survival (DSS), and DFS. 40 The average nodal yield per ipsilateral neck dissection in our study was 44.0 (range 10-141). Subjective significant variations of nodal yields may compromise the exact evaluation of the detection percentage and prognosis evaluation of LND. Patients can be stratified into low-and high-risk groups on the basis of LND measurement. 39 In the present study, patients with LND ! 0.06 had significantly worse OS and DSS. The patients in this high-risk group (patients with LND ! 0.06) can be stratified using the SCC-Ag and CRP serum levels.
Distant metastasis in OSCC is a relatively rare but clinically relevant event. Several studies have reported the relationship between the risk of distant metastasis and nodal status in head and neck SCC, 42, 43 and early detection and treatment of the nodal disease may prevent distant metastases. 44 LND has been substantially associated with locoregional recurrence in OSCC, 6, 21 and we have previously demonstrated the association of LND with the incidence of distant metastasis. The present study provides the evidence for the clinical relevance of LND in distant metastasis. During the follow-up period after the initial treatment, distant metastasis was diagnosed in 40 patients (14%, n ¼ 277), which is in the reported range of distant metastases from 8% (n ¼ 5019) to 17% (n ¼ 769) in OSCC. 45 Because the lungs are the primary target organs for distant metastasis in OSCC, 46 ,47 more than half of the OSCC patients (in 21 patients) were metastasized to the lungs; in addition, metastasis to the lung concurrent with other sites was observed in 3 patients, skin metastasis was observed in 4 patients, and distant metastasis to different organs of the body was observed in the remaining patients. Among all the tested variables, LND !0.06 was the only independent factor when compared with the reference group (without lymph node metastasis) for distant metastasis according to MVA (P ¼ 0.001, HR, 95% CI ¼ 6.684 [2.279-19 .607]). Interestingly, no significant associations were found between the combined elevated SCC-Ag and CRP levels (either together or individually) and the incidence of distant metastasis. However, we extrapolate that the combined elevated levels of serum markers may be indirectly related to distant metastasis through their significant correlation with LND.
LND, T status, depth of tumor invasion, degree of differentiation, perivascular invasion, and ECS all have predicted the survival and guided the adjuvant treatment of such patients. 11, 15, [48] [49] [50] [51] [52] Our results reveal a correlation between the elevated markers and adverse histopathological features of the tumor. We assume that by using clinically available serum markers, clinicians can predict unfavorable histopathological parameters before surgical procedures. Moreover, these elevated serum levels provide the clinicians information regarding the high likelihood of aggressive tumor behavior and the high probability of harboring occult nodal metastases; moreover, they facilitate postoperative treatment planning.
CONCLUSION
LND was correlated with the incidence of distant metastasis and DFS and OS in OSCC. Concurrent high preoperative SCC-Ag and CRP levels exhibited a linear correlation with LND and can be used as predictors for adverse tumor features. Preoperative elevated serum levels can be used to stratify patients for adjuvant treatment and must be considered complementary to the prognostic significance of LND.
